Hetero-assembly between all-L- and all-D-amino acid transmembrane domains: forces involved and implication for inactivation of membrane proteins.
Protein-protein interactions within the membrane, partially or fully mediated by transmembrane (TM) domains, are involved in many vital cellular processes. Since the unique feature of the membrane environment enables protein-protein assembly that otherwise is not energetically favored in solution, the structural restrictions involved in the assembly of soluble proteins are not necessarily valid for the assembly of TM domains. Here we used the N-terminal TM domain (Tar-1) of the Escherichia coli aspartate receptor as a model system for examining the stereospecificity of TM-TM interactions in vitro and in vivo in isolated systems, and in the context of the full receptor. For this propose, we synthesized Tar-1 all-l and all-d amino acid TM peptides, a mutant TM peptide and an unrelated TM peptide. The data revealed: (i) Tar-1 all-d specifically associated with Tar-1 all-l within a model lipid membrane, as determined by using fluorescence energy transfer experiments; (ii) Tar-1 all-l and all-d, but not the control peptides, demonstrated a dose-dependant dominant negative effect on the Tar-1 TM homodimerization in the bacterial ToxR assembly system, suggesting a wild-type-like interaction; and most interestingly, (iii) both Tar-1 all-l and all-d showed a remarkable ability to inhibit the chemotaxis response of the full-length receptor, in vivo. Peptide binding to the bacteria was confirmed through confocal imaging, and Western blotting confirmed that ToxR Tar-1 chimera protein levels are not affected by the presence of the exogenous peptides. These findings present the first evidence that an all-d TM domain peptide acts in vivo similarly to its parental all-l peptide and suggest that the dimerization of the TM domains is mainly mediated by side-chain interactions, rather than geometrically fitted conformations. In addition, the study provides a new approach for modifying the function of membrane proteins by proteolysis-free peptides.